by R W Windle MD (Hove) It was in 1877 that a remarkable paper was published in the Proceedings of the Royal Society, by Downes and Blunt, concerning researches on the effect of light upon bacteria and other organisms. The investigation was made to see if light exerted any appreciable influence, favourable or the reverse, upon the development of bacteria, or other organisms. They compared the effect of sunlight on bacterial solutions in test tubes, some of which were exposed or insolated, while others were encased by covering with thin sheet lead. ' In the large majority of cases, the exposed tubes remained clear for an indefinite time and in every instance were conserved for a distinct period, after their encased companions had become turbid. The most marked differences in the conduct of the two sets of tubes were obtained, when the sun shone brightly: when, for a period of a day or two, at the commencement of the experiment, the weather was close and sultry and the sky dull, the conservative effect of light appeared to be less pronounced. ' With these simple experiments, the two authors established that solar radiation has an effect on bacteria, but, even more remarkable was the fact that they stumbled on the effect of penicillin though, at that time, eighty-four years ago, the significance of their discovery was not understood. They stated that in the course of their investigations they found that when bacteria appeared early, and in large numbers, the mycelium of penicillium was rarely seen, the bacteria apparently preoccupying the ground; when, however, the development of the bacteria was, from some cause, retarded, or prevented, tufts of delicate mycelium submerged in the experimental solutions were frequently found.
The reduction of ill-health, the speeding of recovery and the saving of lives, would have been enormous during these years, and especially during the [1914] [1915] [1916] [1917] [1918] (Fig 1) . The peaks of the erythemal and germicidal curves occur at 2,800 and 2,600 A respectively, the curves thereafter falling very rapidly. The low-pressure mercury arc delivers 60 % of its electrical energy into radiation of wavelength 2,537 A and this wavelength produces 85 % of the maximum germicidal effect on most bacteria, viruses and fungi (Fig 2) . For this reason the low-pressure mercury arc is most suitable for industry, where the bactericidal effect is the main consideration, as it is 5 to 10 times more efficient in germicidal action than highpressure arcs, and is particularly suitable for the protection and disinfection of many products, which are so unstable that conventional methods of sterilization cannot be used. Some hospitals also make use of it to limit cross infection in children's wards. In the bakery trade, the presence of mould spores causes great trouble, and UVL can be employed to reduce airborne contamination.
Cheese is another food product which requires attention to prevent spoilage from surface moulds, as these may gain access during the maturing period and in the storage rooms. It has been found that a low intensity of UVL with a wavelength of 2,537 A will effectively check the growth of moulds. Swanson & Stadler 1955) showed that both mutations and chromosomal aberrations were induced by exposure to UVL, and that the frequency of mutations was higher when mating of the irradiated males followed immediately after treatment. No mutations were transmitted five days after the irradiation and it was proved that the radiation was capable of causing early death of the irradiated flies. It was considered, therefore, that a further study of UVL on other forms of life might have practical applications. Lwoff & Gutmann (1950) diluted from 10-1 to 10-6. The original culture solution was estimated to contain approximately 50 million organisms per millilitre and one drop of each dilution was now placed in each section so that overnight incubation clearly showed the extent of growth (Fig 3) . The effect of UV irradiation on a similar plate can be clearly seen in Fig 4 watts, whereas the Kromayer lamp has a heterogeneous line spectrum, ranging from 1,850 to 4,000 A with a total output of 60 watts. The output of the Kromayer at 2,537 A is estimated to be about 1 5 watts, which, being at least four times more powerful, would account for the difference in lethal action between the two series. (4) The next experiment was designed to test the comparative sensitivity of various organisms, and the organisms selected were salmonella, pathogenic Esch. coli, proteus, Shigella sonnei, with a pool of all the organisms and a control. Broth cultures were prepared as before, with dilutions of 10-1 and 10-" and these were irradi-
The lethal effect of UV is compared between two sets of equaily cultured plates when irradiated at different times from 30 to 120 seconds. The top row was irradiated with the low pressure mercury arc, and the bottom row with Kromayer ated at 10, 30, 45, 60, 90 seconds, at a distance of 5 in. Out of 200.000 organisms, the surviving organisms were as follows: Salmonella 6; pathogenic Esch. coli 15; proteus 2; Shigella sonnei 100; pool 33 survivors. Of the pool 23 were shigella, 3 Esch. coli and 2 proteus; there were no salmonella.
The confluent growth in the control containing all the organisms was uncountable.
It is worth while comparing this result with the lethal effect on Staph. aureus, which clearly shows that some bacteria are more resistant to the effect of UVL than others. It was now decided to see what effect repeated dosage of UVL had on bacteria. Two series of mixed cultures of Shigella sonnei and Esch. coli were prepared and exposures of 30 seconds and 60 seconds given at the following times: 0 and 1 hour; 0, 1 and 2 hours; 0, 1, 2 and 3 hours; 0, 1, 2, 3 and 4 hours; 3 hours after plating; 4 hours after plating; 3 and 4 hours after plating.
The results are shown in Table 1 . First, the Shigella sonnei are everywhere more sensitive to UV radiation than the Esch. coli. Secondly, the increased number of radiations has made no appreciable difference in the survival rate, when irradiated at the time of plating and again one hour later. It is also apparent that if given the chance to multiply for three hours, the survival irradiation are applied at the same time, so that this may have some useful application in clinical work. It is obvious however, that irradiation with UVL must be given before, or at the time of, application of antibiotics so that bacteria are in an active stage of growth.
We have come a long way from the days of Heliopolis, when the sun was worshipped as a god, but we have come to understand many of the physical properties of the sun's electro-magnetic waves. The bactericidal action of UVL is being unfolded, but is it not possible that we still have something to learn and that there is an even greater therapeutic action in the sun's rays than we realize at the present time?
